Objectives-To investigate whether application of insulation wool adversely aVects lung volumes and increases the occurrence of symptoms of airway irritation. Methods-Data from nationwide health check ups in 1981-93 of male construction workers born in 1955 or later were used to investigate cross sectional (n=96 004) and longitudinal (n=26 298) associations between lung volumes, vital capacity (VC), and forced expiratory volume in one second (FEV 1 ) and exposure to insulation wool by combining a job exposure matrix (JEM) and self reported exposure. Data on 12 month prevalence of persistent cough not associated with the common cold was available for the period 1989-92. Potential confounding from smoking, exposure to asbestos, silica, and isocyanates, was considered in the analyses. Results-For those in the highest exposure category (self reported duration of exposure of >11 years, and high exposure according to the JEM) VC was on average 2.5 cl lower (95% CI −6.5 to 1.5) than in those with no exposure. The corresponding figures for FEV 1 was −2.4 cl (95% CI −6.1 to 1.3). In the longitudinal analyses, the yearly change in VC between the first and last spirometry for those in the highest exposure category was 0.50 cl (95% CI −0.97 to 1.98) less than in the unexposed category. The corresponding figure for FEV 1 was 0.89 cl (95% CI −0.70 to 2.06). High exposure to insulation wool, asbestos, or silica, during the 12 months preceding the check up was associated with increased odds ratios (ORs) for persistent cough of the same magnitude as current smoking. Conclusions-The results indicate no eVects on VC or FEV 1 from exposure to insulation wool. Recent exposure to insulation wool, asbestos, and silica was associated with an increased prevalence of persistent cough. (Occup Environ Med 1998;55:661-667) 
Studies of workers manufacturing insulation wool have not shown an increased morbidity from non-malignant respiratory disease, nor an impairment of lung function. 1 2 However, exposures are higher among users than producers of insulation wool. 3 4 An increased prevalence of upper airway irritation 5 and bronchitis 6 has been found among construction workers exposed to insulation wool. Two studies have reported decreased lung volumes among insulators and attributed this finding to exposure to insulation wool. 7 8 Kilburn et al 7 studied exposures to insulation wool with fine fibre diameters (3-7 µm), whereas Clausen et al 8 studied insulators in the construction industry, in which median fibre diameters of 6-15 µm (see further 3 ) in bulk samples have been reported. The findings by Kilburn et al 7 were contested with regard to the validity in the comparison with the reference population. 9 The study by Clausen et al 8 reported a remarkable eVect on FEV 1 from exposure to insulation wool among Danish insulators. Furthermore, obstructive lung disease (as indicated by a low forced expiratory volume in one second (FEV 1 ) to forced vital capacity (FVC) ratio) was found in 66%. However, no associations with quantitative exposure were found, and assessment of former exposure to asbestos was only made from self reported exposure. Thus, further studies taking the mentioned methodological problems into consideration are needed. The aim of the present study was to investigate whether application of insulation wool adversely aVects lung volumes, and increases the occurrence of symptoms of airway irritation.
Material and methods

SETTING
BYGGHÄLSAN, the construction industry's organisation for working environment, safety and health, was founded in 1968 on the basis of an agreement between employer organisations and labour unions concerned. It was set up to provide nationwide occupational health service to the whole Swedish construction industry. Its staV comprised medical personnel, physicians, and nurses with special training, as well as technical personnel. Regular health check ups to which workers were invited every 2-3 years constituted the most important component of the medical programme. Attendance was voluntary and it is estimated that some 78%-80% of all eligible workers attended check ups during a single 2-3 year period. In the longer run as many as 85%-90% may have attended at least one check up. 10 
EXPOSURE ASSESSMENTS
Self reported exposure was recorded from 1984 and onwards in interviews during the check ups. For exposures to insulation wool, silica dust, asbestos, and isocyanates the first and the last year of exposure was recorded, as well as the total duration of exposure (number of 8 hour shifts) during the 12 months before the check up.
Starting in 1989, self reported exposure was also registered from a self administered questionnaire that considered exposures as well as symptoms. The exposure questions considered whether the subject had been exposed for >5 years or not, and whether he had during the 12 months preceding the check up on average been exposed to insulation wool for >2 hours a day, or not (for other agents, see table 1).
JOB CODES AND THE JOB EXPOSURE MATRIX
During the check up the interviewing nurse assigned appropriate occupation codes to the examinee. These codes were chosen from a list of specific tasks in the industry. Occupation codes constitute links to a job exposure matrix (JEM) developed by BYGGHÄLSAN hygienists. The JEM specifies on an ordinal scale the average level of exposure to insulation wool, asbestos, silica, and isocyanates respectively for the various job categories. In the development of the JEM the hygienist based his classification on decade long experience of the industry but also on measurements carried out. Jobs which involve handling insulation wool either with heavy exposure or other exposure are listed in *Only a small proportion of subjects in the occupation are exposed. Exposure classification: 1=occupation includes own work with the material (1a=high exposure, 1b=others), 2=no personal work with the material, but exposure might occur through the work of other trades (bystander exposure), 3=no exposure, 4=unclassified. Job stability=proportion of subjects having the same occupational code at the first and second health check up.
chose to combine the information by cross classification.
STUDY POPULATIONS
The study base was chosen to minimise the risk that it would comprise subjects with substantial exposure to asbestos. Asbestos use in the Swedish construction industry was markedly reduced in 1975. Accordingly, only subjects born in 1955 or later were included. Female construction workers were excluded because they were too few. The number of male workers meeting the selection criteria was 110 546. Spirometry data had been registered on computer files since July 1978. The number of subjects with at least one recorded spirometry was 96 963. Further data on the diVerent study populations are given in table 4. Subjects with at least two spirometries did not diVer in mean VC or FEV 1 , at the first examination from those with only one spirometry (mean diVerence around 0.1%). However, a slightly higher proportion were current smokers among those with more than one spirometry than among those with only one examination (30% v 27%). Moreover, a higher proportion of those with more than one spirometry than of those with only one examination had, according to the JEM, had high exposure at the first examination (43% v 34%, for ages 18-27 at first examination).
SMOKING DATA Smoking became increasingly rare during the study period and was also rarer in the youngest subjects. The proportion of current smokers varied from 17% in subjects<20 years of age in 1989 and later, to >35% in subjects >20 years of age in 1978-82.
SPIROMETRY
According to the routines, all workers should undergo at least one spirometric examination.
Furthermore, an additional examination should take place whenever a worker met certain exposure criteria. The proportion of all health check ups involving spirometry varied between 82% and 92% for the diVerent geographical regions during the period 1978-92. During the first 6 months of 1981, however, a major eVort was made and spirometric examination was part of all check ups. The investigators were encouraged to note if they were unsatisfied with the quality of the examination. A minimum of three approved registrations of VC and FEV 1 were required, which were not allowed to diVer by >10% of the lowest value. The best approved registrations of VC and FEV 1 were reported to the data base, together with information on height, weight, and smoking habits.
Before the campaign in 1981 was launched, all staV obtained special training to calibrate the equipment and carry out the examination. Data collected during the first 6 months of 1981 for some 26 000 subjects free from respiratory diseases formed the basis for calculation of age, figure 1 .
SYMPTOMS
The answers to a question about persistent cough during the past 12 months not associated with common cold with the fixed alternative answers: never, rarely, sometimes, often, or very often, were systematically collected at the health check ups and registered in the data base but only for the period 1989-92.
STATISTICS
In the analyses of spirometry data, the volume indices, VC and FEV 1 have been related to age, height, and smoking category specific reference values. For instance, in cross sectional analysis VC has been expressed as a standardised value according to the following:
The cross sectional analyses were only based on data recorded at the first check up of each subject concerned. This means that the exposure category classification was based on the first recorded duration of exposure and JEM data corresponding to the first recorded occupational code. Comparisons between categories were made by multiple linear regression analyses in which indicators for all exposure levels except the no exposure level were used as regressors. Such analyses were carried out only with indicators of exposure to insulation wool in the model but also with indicators of other exposures in the model. Spirometry data from more than two check ups are available for only a very few subjects. Longitudinal analyses therefore only use data from the first and last check up of those with more than one check up. Exposure classification is based on recorded duration of exposure and JEM data corresponding to recordings of occupational codes at both check ups. The variable studied in each subject is his annual change of the deviation from reference values. The measure describing the annual change is given by the equation:
where VC(1) and VC (2) are the observed VC values at the first and the last check up respectively and RefVC (1) and RefVC (2) are the corresponding reference values; and t years is the time distance between the check ups. Initial controls of the available data concerned height, weight, body mass index, and data on smoking and spirometry from each check up. For subjects with more than one check up, changes between check ups were also studied. These controls showed only a few inconsistencies. For subjects with values that seemed unreasonable, the data were marked as such. Analyses were made with and without inclusion of such data, and in general it made no diVerence whether or not the data were included.
To decrease the misclassification bias, subjects who stated that they rarely had persistent cough were excluded from analysis of this symptom. The others have been divided into the categories never versus sometimes, or often, or very often. Analysis was carried by logistic regression in which indicators of the various levels of exposure were regressors. [
Results
LUNG VOLUMES RELATIVE TO EXPOSURE
Cross sectional analyses
VC(2)-RefVC(2)])-[VC(1)-RefVC(1)] t
between high exposure and low lung volumes. The same applied to exposures during the past year combined with the JEM. Moreover, no new information was obtained when duration of exposure and exposure during the past year, was combined with the JEM. Odds ratios (ORs) for low (<85% of expected) volumes did not increase with increasing exposure category for insulation wool (all other exposures included in the model), including combinations of duration of exposure and exposure during the past year with the JEM (OR for low VC for high exposure, >11 years, >50 days=1.13, 95% CI 0.86 to 1.49).
Longitudinal analyses
Longitudinal data were cross classified in a similar way, and the exposure criteria were sharpened by demanding high exposure according to the JEM both at the first and the second check up. The mean (SD) time between the first and the last check up was 3.9 (1.6) years. The estimates of the annual changes were now slightly, but not significantly, less than expected for both VC and FEV 1 in the highest exposure compared with the unexposed category (table 6) .
EXPOSURE AND PERSISTENT COUGH
Exposures according to the JEM and self reported exposures during the past year to insulation wool, silica, and asbestos were cross classified (table 7) . Dose-response relations for all three agents were indicated in univariate analyses for both sets of exposure scales, and confirmed in multiple logistic regression analyses. The odds ratios for persistent cough were similar for high exposure to insulation wool (OR 2.59, 95% CI 2.19 to 3.06) and current smoking (OR 2.61, 95% CI 2.43 to 2.81).
INTERACTION BETWEEN LUNG VOLUMES, PERSISTENT COUGH, AND EXPOSURE
Negative associations were found, as expected, between the prevalence of persistent cough and mainly FEV 1 , but also VC. Stratification by the prevalence of persistent cough showed in univariate analyses no clear eVects of exposure to insulation wool, according to the JEM, on VC or FEV 1 , neither for self reported exposure during the past year (fig 2) , nor for years of exposure.
In multivariate regression analyses, simultaneously including prevalence of persistent cough and exposures to asbestos, silica, and insulation wool according to the JEM, a clear For exposure to asbestos, no occupation was classified as own work, high exposure in the JEM. All exposures, and smoking category, were considered simultaneously in the full multiple logistic regression model. eVect of prevalence of cough was still found on the lung volumes, but no eVect of exposure to insulation wool was found. The same pattern was found for self reported exposure to insulation wool during the past year, and number of years of exposure.
Discussion
This study is negative for eVects on lung function from exposure to insulation wool. It is likely that both the JEM and self reported exposures, as indicated by table 1, include substantial misclassification, which tends to dilute potential dose-response relations. We handled this problem by creating a scale of exposure based on a combination of JEM and self reported exposures, which we think allowed a more valid contrast between high exposure and no exposure. Our choice to study fairly young subjects to avoid eVects of asbestos exposure, limited the chance to study eVects of longer exposure durations than about 15 years. We have no reason to assume that workers covered by the health check ups are nonrepresentative for exposure conditions in the construction industry. Virtually all construction workers were aYliated to the health service. Construction work is generally physically demanding, irrespective of whether associated with dust exposure or not. However, it is possible that subjects with respiratory symptoms or a family history of asthma, less often go into insulation work. This would introduce a bias in the cross sectional analyses, but it is likely that an eVect of exposure to insulation wool on lung function would have been detected in the longitudinal analyses.
The annual decline found in the longitudinal analyses was generally lower than expected from the cross sectional data (VC 3.3 cl, FEV 1 3.6 cl, not in results). This is in accordance with previous findings, 11 but may also indicate a selection out of construction work, associated with lung volumes. This selection would introduce a negative bias in the longitudinal analyses if it was also associated with high exposure to dust. We did, however, not find any obvious gradient in the turnover of the work force associated with dust exposure as estimated from the JEM (table 2) . Further, subjects with more than one spirometry had a higher prevalence of high exposure at the first examination than those with only one spirometry.
Methodological instructions were clear for the spirometric investigations. In 1981 special eVorts were made to obtain a high quality. Separate cross sectional analyses including data only from this year (not in results) give the same relations between exposure categories as data collected after 1981. However, decreasing trends in VC and FEV 1 were found with calendar year of examination. We have at present no explanation for this, but these trends do not confound the estimated eVects of exposure.
Thus, our results do not indicate that exposure to insulation wool as experienced by construction workers born in 1955 or later, has significantly aVected VC or FEV 1 . This contrasts with what was presented for Danish insulators by Clausen et al. 8 Their typical exposure conditions were, as estimated from personal sampling, 0.03-1 f/ml, which is close to the mean values for the Swedish insulators 1978-90 (0.2-0.9 f/ml). The range of total airborne dust concentrations was also similar (1-10 mg/m 3 and 2-11 mg/m 3 , respectively). We have thus no reason to assume that diVerences in exposure intensities explain the discrepancies between the findings in the two studies.
We restricted our study to workers born in or after 1955 (median age 22 years) to minimise residual confounding of asbestos exposure, and the mean follow up time in the longitudinal study was 4 years, whereas the workers in the Danish study had a mean age of 42 years, but a similar follow up time of 6 years. It may be argued that a substantial duration of exposure is required, before a significant adverse eVect on lung function occurs. To elucidate this we examined lung function separately in strata with at least 11 years duration of exposure to insulation wool, and found a reduction in VC and FEV 1 of 0.5%. A sharpening of the exposure criteria to reduce dilution of potential eVects did not increase these estimates. Clausen et al 8 found in a cross sectional analysis of workers with a mean exposure duration of 14 years, an FEV 1 which was on average 0.9 l (27%) less than among the referents. They further found an annual decline in FVC which was on average twice as high in insulators (7.7 cl) as in controls (3.1 cl), and a fivefold increase in the annual decline of FEV 1 (17.0 v 2.9 cl). By contrast with these findings, our 95% CIs for the estimate of the annual decline in VC and FEV 1 for high exposure to insulation wool exclude an annual change exceeding that in the unexposed group with >1 cl. Our estimated annual decline for insulators was only 0.13 cl for VC and 1.7 cl for FEV 1 (not in results). Thus, we consider it extremely unlikely that eVects of the magnitude found by Clausen et al 8 could be present in our material.
However, strong associations were found between exposure to insulation wool, silica, and asbestos, and the non-specific symptom persistent cough during the past 12 months without a common cold. Clear dose-response associations were found for all three types of dust when exposure was cross classified according to the JEM and self reported exposure. This was found both for exposure during the past 12 months and duration of exposure, which is consistent with a nonspecific irritation eVect. For those with high exposure from handling insulation wool (according to the JEM), and a self reported exposure >2 hours/day during the past 12 months, the OR for persistent cough was just as high as for current smokers. This is in accordance with results of Engholm and von Schmalensee, 6 who found that bronchitis, defined as presence of cough and sputum for three months of a year, was 1.5-2.7 times more prevalent in diVerent smoking categories of construction workers with at least 3 years of exposure to insulation wool than with unexposed workers. Further, Petersen and Sabroe 5 reported that cough during the day was two to three times more prevalent among insulation workers reporting full time exposure to mineral wool during the past year than among construction workers with no exposure to mineral wool.
The similarity in eVect for persistent cough between silica, asbestos, and insulation wool in our material, seems to suggest that the cough is caused by a non-specific irritation from these dusts. Such irritation may be limited to the upper respiratory tract, or include an inflammatory response in the lower airways associated with an increased sensory bronchial responsiveness, with or without bronchoconstriction or asthma. Associations in this study between persistent cough and lower lung volumes indicate that persistent cough is associated with chronic obstruction of the airways. However, our analyses do not indicate that this association was mediated through exposure to insulation wool.
As our data, together with two former studies, consistently indicate that exposure to insulation wool is associated with airways irritation, it is prudent to investigate whether it is also associated with an increased risk of asthma.
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